From Nano to Macro Power Electronics and Packaging
European Workshop (IMAPS), Tours (France), Nov. 8, 2018

Methodology of signal and power
Integrity for multilayer embedded PCB

Zhifei Xu., Blaise Ravelo., Jonathan Gantet:, Nicolas Marier., Michael Unger:, Johann Nicolicss,
Gerhard Schmid., G. Weidinger., Mickael Balmonts, Yves Oustens, Raphael Rodersand Daniel Triass

:Normandy University UNIROUEN, ESIGELEC, IRSEEM, EA 4353, F-76000 Rouen, France
VALEO-GEEDS (Group Electronic Expertise and Development Services),
76, rue Auguste Perret, 94000 Créeil, France
sTU Wien, Gusshausstral® 27-29, A-1040 Vienna, Austria
ATE&S, Austria
sIMS, Univ-Bordeaux, France
«SERMA, Pessac, France
*corresponding author, E-mail: zhifei.xu@esigelec.fr

4




From Nano to Macro Power Electronics and Packaging
European Workshop (IMAPS), Tours (France), Nov. 8, 2018

—
°

ol

Outline

Objective of EDDEMA Project

SI/Pl analyses for EDDEMA

 SI/PI Simulation methodology

« Impedance extraction technique
IC-EMC model establishment
Future works




From Nano to Macro Power Electronics and Packaging
European Workshop (IMAPS), Tours (France), Nov. 8, 2018

Outline

1. Objective of EDDEMA Project
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Objective of EDDEMA Project

DESIGN FOR MANUFACTURING - TEST VEHICULE Val
PROTOTYPE N°1: DUMMY MOCK-UP WITH DAISY CHAIN DICES aieo

SMART TECHNOLOGY
FOR SMARTER CARS

Testpoints
ITAG

The Camera is the product that needs the most
integration at Valeo,

Passive Components

!! PWB size: 24.2 x 23.3mm; thickness: 1mm
Housing (AISi12, Plastic) -
28 x 28mamy 3 screw holes diameter 2.7 mm

Prototypel stackup: 12 layers, 2 embedded components cores
(E C thicknesses: 150um & 330um)
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Objective of EDDEMA Project
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Outline

2. SI/Pl analyses for EDDEMA
 SI/PI Simulation methodology
« Impedance exiraction technique
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SI/Pl analyses for EDDEMA

General observations on the camera board

RF Interference Issue : EMI nterference Issus

Signal Integrity Issue :  Power Integrity Issue :
V @?.F ciroait -
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SI/Pl analyses for EDDEMA

Zuken® | Slwave® | CST®

We start with 2D simulations (CST® PCB studio and Slwave®). Here we have done some
SI/PI results for Prototype 1 by using Siwave®, since CST® PCB studio is not able to do
these analyses. When the results need to be more accurate, the 3D simulations will be
applied, however, the time consumption will be longer depending on the complexity of

the board.
Import ZUKEN® EDDEMA prototype to Slwave®.

| Tools [ Method  |Speed [ Memory [Nets | Components | Pins |

Slwave® MoM (traces), SlandPlI: Low 32 unknow No lost No

- FEM (Plane) High (<5min) nets (E-nets lost
ZUKEN®)

Import EDDEMA prototype to CST® PCB studio.

| Tools | Solvers [ Speed [ Memory [ Nets | Components | Pins |
CST® TLM(SI), SI(<5mins) Sl(low) 32 No lose All pins of
PCB FEM(PI) Pl(cannot do) unknow embedded
studio nets components
lose
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SI/Pl analyses for EDDEMA

Simulation methodology

EDDEMA Project dedicated to develop a
camera with embedded active
components inside the PCB, after
checking and comparing with CST, Siwave
iIs more compatible to the data generated
by Zuken for multi-boards analysis.

Good results and
lower than target
impedance?
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SI/Pl analyses for EDDEMA

General Signal integrity analysis methodology

The S parameter model of the signals are obtained through Siwave
simulation based on the layout of Prototype, the rise and fall time are
already defined inside the IBIS model, the PRBS signal definitions
(frequency, amplitude....)] are based on the measurement from
Application board

Excitation PRBS 7 bit signal

o CF 2.

ame-Fizzn CK Usn /)

FLASH Joue ufor_atn FLasd.
S 6 FLASH

| LE01_kad

'ola J

IBIS models Ez : I A

A
oo oo = - — F— -
gy i \a-ne--lafg_’_’ s NS Uiy
a —— =
I IJ)J' g0}
Dm532 Dtz

S parameter model from layout simulation
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SI/Pl analyses for EDDEMA

Example of Slgnal Integrity analysis

Layout of FLASH - CLK network in Prototype2

Requirements for the signal

3.3vio operatic{n B D4X H F
Vi ngrlllséeglemput S0 VD%}!D + v
i Low leve “a; put 03 - 0.8 v
Verer | 5° :;1::(« iggel 250 mv
Ve = V= 3.3V+0.3V=3,6V
VMIn = V||_= '0.3V

Stimulus

Vhigh Viow Bit per Pseudo From AP measurement
second random bits

w
8

7.5ns 7 bits

Signals are perfect concerning the

Good!
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Power Integrity analysis

SMPS
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SI/Pl analyses for EDDEMA

3V3

Output impedance
for 1V1 pin of SMPS

Qutput impedance
for 1V2 pin of SMPS

Decoupling| IC
| La‘/c’“tl | caps I PACKAGE
ya
L ; Decoupling| | IC \
ayou caps PACKAGE

IC
PDN for 1V2 power supply

VDDCORE

|

| H P

[ ] .

— Transceiver

|

| Image sensor
| FLASH

PDN

——

Others
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SI/Pl analyses for EDDEMA

Example of Power Integrity analysis

1.2 V power supply of uP

« Voltage range : 1.14 V-
1.26 V

« Ripple: 5%

* [max= 30 MA in datasheet

° Z’rorgef= 2 Ohm

Impedance / Ohm

1v2 U301 [Magnitude]

{ann L BN

[d=1.3288e

0.1

0.05 -
0.03

An
0.02 +

— '

..............................................

t

0.01
1e-005

3e-005 0.0001 0.0003 0.001 0.003 0.01 0.02 0.04 0.1 0.2/0.83512 |0.¢
Frequency / GHz
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SI/Pl analyses for EDDEMA

PCB exiraction technique development
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" ) ETYA
T s
N IV NN
0 0.2 0.4 0.6 0.8 1
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Xu, Z., Ravelo, B., Gantet, J., & Marier, N. (2018, August 19). PCB access impedances extraction method of 14

in-situ integrated circuit. Advanced Electromagnetics, 7(3), 108-116.
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SI/Pl analyses for EDDEMA

RDL and analyses methodology

[ Zuken Design ]

A

[ Siwave-2D ]

Integrate RDL design

—

[ Cut Clip Design ]
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SI/Pl analyses for EDDEMA

Crosstalk on the RDL

Here is the crosstalk results when RXCLK active and TXD2 deactive load with
deactived IBIS models. The results presented maximum 130mV, this value may
have risk in the future test, however, it is still under the design limit (0.3V). The
different gap distances smaller than 15 um(10 um, 7 um, 5 um, 3 um) have
been simulated. xPets e
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Outline

3. IC-EMC model establishment
4. Future works
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|IC-EMC model establishment

Input data

Technology Year Supply Densityof Clock frequency Typ. current Typ. switching delay in
cells /mm®  (MHz) per gate typ. loading conditions

0.8um 1990 5V 15K 4-90 0.9 mA 0.5ns

0.5um 1993 5V 28K 8-120 0.7 mA 0.3ns

0.35um 1995 5-3.3V 50K 16-300 0.6 mA 0.2ns

0.25um 1997 525V 90K 40-450 0.4 mA 0.12ns

0.18um 1999 3.3-20V 160K 100-900 0.3 mA 0.1ns

0.12um 2001 2512V 240K 150-1200 0.2 mA 70 ps

90 nm 2004 2510V 480K 300-2000 0.15mA 40 ps

65 nm 2007 2510V 900K 500-3000 0.1 mA 25 ps

45 nm 2008  2.5-0.7V 1500K 800-5000 0.08 mA 15 ps

32 nm 2011 1.8-0.7V 2500K 1000-7000 0.06 mA 10 ps

22 nm 2014  1.0-06V 4000K 1000-10000 0.05 mA 7 ps

“Cookbook for Integrated Circuit model ICEM , project number 62014-3.”

Package TFBGA201

Height (mm) A max

Pitch (mm) 0.65

p;we”,ndgmdpins o Technology 45 nm 65 nm 65 nm 65 nm
Signal pins 135

Total pins 201
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E& 1CEM model expert

IC technolagy

The ‘default tec' technolagy file is set to
Techno : CMOS B5nm

Typ cunent : 0,07 mé

Typ delay: 0.022ns

Gate capa: 500 F

IC parameters

Gasty
Care vokage [V
heab

Gate activity (%] [10.00
IC size [mm2] 100

Default Parameters | | Update ICEM model

+ Generale Madel
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|C-EMC model establishment

Singal IC’s IC EMC model

Type of package
(o]

QoFr

QO PBA

@ BGA

O uBGA
Qe

Pertormance

) High performance (42 in current)
@ Standard

) Low power (42 in current)

Add IEC B1957 Measurement setup
O (Nore)

O TEM cell modsl

Computed ICEM model

Passive Distr.
Supply induictan

Orr-chip decap |j
Decap Res. [Ohr

Hetwork (PDN)

2

O

Block Capacitance (pFl: EO015

Die-Ground Capa. (pF):

Intemnal Activil
Cunent peak. (4]

Riise-Fal time [ns]

| X s

w (1A)

r
Update:

ck to Editor

7295pF
DC=1.1v 1 MP
V_DC
MDD_core Rdec<
JF RN A g A I\ > |
/ R10hm Lmlrss _pack. Rdie_vss
1o - 0.152n 1A
. 1 0.17
1 .
i C342
! . 3.54pF
p— 1\, —
1 v
\,—_—U 50 491 ‘l_o
" Uhndyzer T T Rag
VDE Probe

1V1_PDN_PCB

o = -

A
1
I Lvdd_pack

Rdie_vdd

I
1

VIRM U3o1'1v1  0.152n vV VA
| T 017

\ 1
@ === " Cdec |

Ldie_vdd
0010 \
I \I
Cb V1=0.06A 1
} V2=0.6M 1
TR=0.12ns I
729pF PW=0.p18ns )
PER=2V5ns 1 _ _

IC internal activities

Ldie_vss
0.01n

Boyer A, Sicard E, Dhia S B. IC-EMC, a demonstration freeware for predicting Electiromagnetic Compatibility of integrated

circuits[C]//Electromagnetic Compatibility and 19th International Zurich Symposium on Electromagnetic Compaditibility,
2008. APEMC 2008. Asia-Pacific Symposium on. IEEE, 2008: 16-19.
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|IC-EMC model establishment

Conducted Emission simulation schema

Transceiver
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Measurement on the
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Future works

surface mounted case on EMC performance

Standards

Objectives

Embedded
case

Surface
mounted
case

ISO 7637-3,
11452-4

Check the
immunity of EUT
to transient and
inducted
common mode
disturbances
coupling on the
signal line and
harness

*dkek

2 2 3

ISO 11452-2

Check the
immunity of EUT
fo EM field in
the dedicated
frequency
band

*dkek

_dE%

CISPR 25
To evaluate
the RF

disturbances
conducted by

EUT and its
power supply
wiring.

Fdkok

L2 28

CISPR 25

To evaluate
the RF
disturbances
radiated by
EUT and its
power supply
wiring.

ok

L2 28

product and compare to the

ISO 10605
Check the
resistance  of
EUT to ESD
produced
directly by
operators

dkok

L2 28
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